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We review the construction of chiral four-dimensional compactifications of type IIA
string theory with intersecting D6-branes. Such models lead to four-dimensional the-
ories with non-abelian gauge interactions and charged chiral fermions. We discuss the
application of these techniques to building of models with spectrum as close as possible
to the Standard Model, and review their main phenomenological properties. We also




String theory has the remarkable property that it provides a description of gauge and gravita-
tional interactions in a unified framework consistently at the quantum level. It is this general
feature (beyond other beautiful properties of particular string models) that makes this the-
ory interesting as a possible candidate to unify our description of the different particles and
interactions in Nature.
Now if string theory is indeed realized in Nature, it should be able to lead not just to
‘gauge interactions’ in general, but rather to gauge sectors as rich and intricate as the gauge
theory we know as the Standard Model of Particle Physics. This is described by a gauge
group
SU(3)c × SU(2)w × U(1)Y (1)
a set of charged chiral (left-handed) fermions in three copies with identical gauge quantum
numbers, namely
3 × [ (3, 2)1/6 + (3, 1)1/3 + (3, 1)−2/3 +
+ (1, 2)−1/2 + (1, 1)1 + (1, 1)0 ] (2)
(where we have also included the right-handed neutrinos), and a scalar particle, the Higgs
multiplet, with gauge quantum numbers
(1, 2)−1/2 (3)
These particles have also very specific interactions. They correspond to all possible terms
consistent with the gauge symmetries, and with some ‘accidental’ global symmetries, like
baryon or lepton number.
This quantum field theory has certain characteristic and very interesting rough features,
for instance the very existence of non-abelian gauge interactions, the presence of charged
chiral fermions, the spontaneous breaking of gauge symmetries, the replication of fermion
families, etc. On the other hand, once this basic structure is fixed, the model contains a
large number of more detailed features, for instance the particular values of gauge couplings
or the pattern of yukawa interaction strengths, etc.
All these features are simply unexplained by the Standard Model itself, where they are
external inputs. It is a natural question to ask whether it is possible to explain or reproduce
1
them in a microscopic underlying theory, like string theory. In a sense to be qualified below,
this is the purpose of the branch of string theory known as String Phenomenology.
Clearly, even if string theory is correct, it is not realistic to hope to construct explicitly
‘the’ string theory of the world, in the following sense. As is well known, the simplest string
theories propagate in spacetimes of ten dimensions (eleven for M-theory), and usually have a
high degree of supersymmetry. In the process of describing models reducing at low energies
to four dimensions and low or no supersymmetry, there is an enormous arbitrariness in the
choice of the background configuration, namely the compactification data, etc. We do not
have a good enough understanding of whether any of these is in any sense preferred over
the rest (either dynamical, cosmological or anthropically). Moreover, most of the regimes
of string theory are not accessible to our computational tools (which involve perturbation
theory in spacetime string coupling, and in α′ corrections around exactly solvable conformal
field theory backgrounds). These considerations imply that it is extremely unlikely that we
find the ‘correct’ string theory by trial and error.
From this viewpoint, the purpose of String Phenomenology (for this talk) is more modest,
but still non-trivial and hopefully achievable:
I.We should describe (and hopefully classify) different setups in string theory, which lead
to the same kind of physics as the Standard Model (at the rough level, namely leading to
non-abelian gauge interactions, replicated chiral fermions, etc).
II. Within each setup, we should construct explicit examples with low energy physics
as close as possible to the Standard Model. From these particular examples we should
extract generic, robust, features of their low-energy phenomenology, which can therefore be
considered as natural predictions of the setup.
Once this program is fulfilled to a satisfactory level (and we are still far from under-
standing diverse issues, e.g. related to the absence of exact supersymmetry at low-energy),
future experimental data should be able to start cornering what kind of string theory may
be underlying our world.
Prototypical example: Compactification of heterotic string
At this point it will be useful to provide the most notorious example of what we mean
by a ‘setup’, and what lessons can be drawn from it. The most familiar string theory setup
reproducing the rough features of the Standard Model at low energies is compactification of
the heterotic string theories (although we center on perturbative heterotic models, similar
features are also valid for compactifications of Horava-Witten theory, or in non-perturbative
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